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THE DESIGN OF THE CPRF CONTROL SYSTEM

H, W, Wilkmsand P. L, Kllngner

Los Alamos Nalional Laboratory, Los Alamos, NM 87545

NxMc!

1he Conlmemonl Physcs Roseamh Facility (CPflF), curronlly

under conslrucllon al Los Alamos, is a Iacihty Ior research
mlo Ihe plasma conhnemcru proporhc!s 01 various magnehc held

conhgurahons. The hrsl dewca 10 be Ieslad m the CPFIF WIII

be ZTI+. a reversed hold pinch. The CPFIF/ZTH cmlrol system
has boon designed as a dishibuled sysmm wilh low malor semi

mciependerrl subsystems. Each subsyslem will be capable of s[arid.

alone opnrahon loI pwposcs of Wmmlsslonmg ard maintenance
TIW subsyslem controller hardware has boon sclecled, II WIII conslsl

of commercially available pfcgrammable log~ ccmlrollors (PLCS)
lmhod by a Iasl hber oplIc network.

Tho man machino mlnrlace. whrct’rIS under procuremonl as 01

Juno. 1989, will have muluplo grnphic workslallons inlorlaced 10 Ihe
PLC hbor oplic nolwork, The canlfal conlrol corlsole will inlllally
hnvc lhree slallons, Pormanonl local sliillons will bo Iocalr+d al hvo

CIl1110subsystems wIltI a Iransporlable slizllon sorvmg II1O romainmg
subsyslorns, Slatiard proci.ss conlrd so!lware will be used, bul Ilm

srrlr!cllon crilerla enrphasl:o Iha open archiloclure of Ihe syslom so

IIKJI user programs can be easly inlogralti,

Sworn no9wm,n6

1he CPFiF will CJCOJpyfour buddmgs snparald horn Ihe conlral

conlrol room by 5010 150 m A syslom with dmlrlbulm,l l/0, allowing
sllorl wiring runs 10 V(3 cluslers, sooms np~oprlale, Our eapoficwcs
wdh cenlralizod conlrol 011prewous exporimerrls also led us IO Iavor

n dlrilrlbulad procossor syslcm; Operallonally onn wanls subsyslnm
mdopnndancd so Ilmt rnamkmancn, Iroutrla shoohng, or upgrnda;

of orlo subsyslorn do no! allncl nnollmr, In addillon, the varmus
subsysloms will como onlwe IN ddlornnl hmrrs, nrti II IS doslrable
IINII llw chncJmul nrwi mrnwrisslonmg Ot omr subsyslnm nol lnlmlmo

wllh Ihrr dnv(rloprruml wmh on irlwlhur, 1Ims,n rrqwrnrnnnls suOgnsl

n wmlrr,d Ryshrm Ihal IS LIolh phy!mmlly And Icqcally chslrlbulod,

1he dlvkdon mlo subsyslzrmrr wns made as ICIIIOWS:

● VMcuuru Subsyslnm TIIIR siil}syslonl COnSISIS 01 ono rnugtmg

wti glui Iili syslnm nfd Iwo Iugl! vncuwn pumpmg slalmns.
I 11010rzrfrnnpronnll[,lllly 450 s~rlillS In llIls subnyfilrm. Scm)

Ialori 01 al Irrirsl 2/s INO doslrod,

● I twu rfd SId IG~CI1lnI T111~sufmysmm IIWIWIIW IIIP v;mtwrl
IIIw1, filInn, nrti Ilm cod SI?IS I Ilrrlll WI) nbmll 7(10 !dfJll;Wi,

Itl(villy lfIlmll Irtr rjlf,lilrlg Ilrlflr Irlrly)nrnlllrn% ~rld ~flolilril Ilnw

tll(!lr:illnrs !i4iwl rnllls O: III IIHJSI 1/s IWO (Iowfrrd

● (-illflfllilli)l !;lll)ny!.111111A 1,4.10 MVA umm!nhw Will Im IIW,(I
10 dolwor pulmnl lIUWOI 10 M hlcIllly !;r!rlfior~, low Illvlll

protfx:um, mfmtt:lmlrol IIUIC qNmllMJJllons m n Imlrlg lIlovl[lod

Ily Ill!! Ilullm:nr.l[irnr 11111Ix}lllfol I(qyc will INI Iny)loownlnd I)y

I II!, Ah-mm ii~il~ 0111 C(IIIII(IIIIII!, TO Ihd Iho gnnw;lhll WIII l:rr

holly llllo~jritlml Inlo Ilm { 11111101nV~llImI 11115nllhr.ywllll hi!%

;Itl{!lll il!I() wurhus .411[1111{1IIl)!illll(l !<:; Ill rilhl M Ill III;IK1 10:?.

● I 11111(J) !,llh., y.,l, !lll I Ill,i nlll)uvnl!!trl I II II FiI:,ln (II 11111lIIIWI II

r.llllllki ( ;111,1(1101I]nllh !:, ;11111 1.*11( Illllu ty%llllll% Ill;ll (Illllvlll

Itlloluy Ill 111[1 11(11111111(! I IIIIIU mo dNIIIl l{)(n) :,IipI,U:I I I*.I

desm?d scan ram IS 10/s for most signals wllh selecled subsels

=rmed al 201s and 2001s,

Wllh dlslribuled cfmlrol, communicehons bemmes very

wnporlanl, A single network IO sowo bolh controller.lo.controller

and controller.loamsole messages is desirable The nohvork musl
bo su~ortod on Iiber qNk rnudla bnc.auscrof Ihe large. changing
magnolc fields m Ihe vtinily of Ihe ernpnrlmrml,

QzllL9!!wsQ!wM2Ll
In 1985 we had b~un m.hwse doveloprnanl 01 a syslem

10 mnel Ihe rfquiremcnts described above, This work, ulilizing

dlslllbukrd LSI I 1 processors and CAMAC, was repormd earner. 1
A single pr~ossor prololype was complelod and is being used

10 operale a small experiment, tiowover, bolore Ihe syslem was

nMondod 10 handle muluple procesams needed for a prolec[ 1110

size 01 CPRF, wo became aware 01 Ihe advarces lhal had been

mado in industrial conlrol sysloms, Allor several vendor vislls, II

was clnar Ihal commmcially available syslems had the capabhlly 10
handle MOSI 01 Ihe requirernenla of Iusion exporirnenls.

WO developad a Iunclional apec.llicallon arxl wenl OUI Ior bids,

The tiddefs IISI mn[ahed bolh Dslrlbuled Conlrol Syslem (D(X)

nnd PLC vendors. The OCS ollerings were vwy anracllve, prlmarilf
bncause of lholr networking cepabllllios and Ihe level 01 Inlagrallon
Ihal Ihey oiler borween lhe conlrollors and Ihe console. However,

Ihose syslems lord 10 be oxpenstve, genarally have slow scan
rakrs when con~ared 10 PLCS, *IM hlslorldly have spadallzod In

PIEJ loops, which aro 01 hrnilod inlorosl 10 us. PLCS, on Ihe oll~or
hand, sullor horn a Ind 01 lnl~ralion, Ilmllsd chotce 01programing
lilr~ungns, nnd gonorally poor pr~ramrnlng Iools.

In sokrcllr~ horn Ille mnny systems nvallablo, one musl rnako

cornprc+wses m cos[. pr~rammlng ntlorl, nnd perlormarlctr, in

Itm nrti, w CIIOSO10 go WIIh a PLC, Ihe Mdcxm 9B4’i Iamlly of
conlrollofs.

1Im 904 Pi ovallal)le In n mmtir of procossor rrmdels, wllh

upwmri nollwmfr compalihihly hrrhvrrnn the oldoI arm more rocem

crmlrolkrrs, For our applkxilion, lho rnosl Wlracllve Ififllures wmo

● llm nvrrllnhlllly of relnhvoly hISI cormollors, 1 ho Iogk BOIVO

qmod Is 0 /5 m~.

● n I* JIII I;lfQn 01 U() modulrrn

● II Iil!il t (muollor wrwork, I III! SIIIIIMI 01 M(Nllms II 1S b MII/R
I IIIIN qIIIC !iIJppUII Ior MmllIIIq II k Im(lw Wwoloprmml,

‘ 1’ I Khryymr, !i .I I iwm~c, nnd II W Wilklrm, “(;mwrnl dIs

II IIIIIIM1 [:ortllol I:VWIIII Ior III!WIII UqIrIfIIIIIInlrim- Ilt,i ,S(I lII~f I 11111,
!II (l!), Atlfitt!il I!llltl, 1~) l!tlo 1!11?

) Mmh[xm W14 Is n roouilotod Irmhmmh d Modkxm, IIX Ilnhu
11111,1111111111111{1II~Iy qIm:llH: (:OIIIIIIIIICI; II I)rml(,(:l, prm:nssi or Wrvkm

lIy Irmlo ruwm, lrwlwlmlh, IIllltllllfl(:llllflr, of ulhmwlwr, dmwr 1101
lIIII,IIS. I,IIIIly I, IMIUIIIIIIII [n iIIIIIIV Ilfi Itrl(l{)f!,i,ltlclill, Ic)IxlltllIl(llhlillloll,
(MIilvorlllu Ily Itm 1111111)(1ti[lllll!l ( i(lvulllll,wll IN Illly ll~)ll(;y Illollll, t



●
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●

a dmcl mterlam from Modbus II 10 Ihe IBM AT bus which wi!l
be used by Ihe console syslem,

a new programming package, Mcdsott, wtrch supports
sequential Iunchon charl (SFC) prcqrammlng as a way 10 bring

sxnsr structure 10 relay ladder Iogtc and mchdes syrnbohc
relerencss,

Iho avallabihly of a Co-Procgssor mcdule that can be
programmed m C arkd has gocd arxess 10 he PLC memory.
This module has an mlegramd IEEE-488 mlerfam.

Vacuurn Sub5v$~em

The comroller confgurahon Ior Ihe vacuum syslem IS shown m
Figure 1.
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&m mllo
Roughing Pumping

and Ciao Fill Slallons

Fq 1 Varmuln conlfollw conftgufellon

Mlnhdlly IS a koy COIISIdOI@IIOn m 1110 VW;UUII1 sysloIT
(;olllnrrullnlloll Of Ilw gr;Il)tIIlo irlflmr lrnj~l Im plnvrrrllrrd, rnlld II

CJlould LIrI poswblo 10 oprrr alo Wtlt$ only on{! pump %l;lnd Ilnllir-fr
Illilll splK,IfyIl!u u fihjill!(ldl)l (.of}lfi,llrll, W(I dl(l%9 10 111CKhllar1717 till?

l-olllfol 1 tlnrn afcl sopiiraln C43fllfollol% Ior rradl lllillOr componrvll,

wIlll Kll)llll(:ill (,orllloll(trr, Iof l]il(Jl pwry] Sllllld lIIUS, 8 Iilllulo

(I’ a pull Ip sl;IIId colllfollor iIllIIclz olIly Ilml Inlllll) Clnll[l, ;III(I llw
rxjf IIr LIll(Il (.4f1 [Ml 41;l~;llv IWJIAIIKl lr~r rryhlir II could nlr,o tm fnrlmvrrd

10 Mllollwrl fllltd 11s n Ullll II Ill?(.r)r. snfy

pa:t of 1110 IJ(l Iq I(X~IIf IIj III 111010IIIS I{rrll. III III(1 ‘.;IIIIIJ

(,fl~llf)rrmlll In(*s .15 Illrr [)ulllp 1111(1(1{1(.{)s I 1111%0 r;l(fi? 11001

rIkI(:lrf(:JIlly WIIII Ifirr Ij(lfrift nlnft(ls, iIf Irl wrr l~olplnd horn Ili(nr

[ mllrolhus lIy IIIMII opl K: rrtlllolo IJI) llIIhs

1:0
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Sequencing Proleclion

Frg. 2, Generalor ccmlroller ccmlrguramn

Again, rehabllhy is wdueved by having several small mntrollers
ralher than a larger rwhmdanl splem, Controllers PI and F’2
provide Ihe genaralor promcllon. These syslerns are not Idenllcal.
Inslead, ddlefonl measurements 01 ullical parameters are divided

belween Ihd Iwo promctlon svslems so Ihal If one nmasuremenl

or system Ialls, the olher syslern will slill provide prokclton
An example k in [he IUIM oil system where there are separale
pressure. 60”/, and pressure. 4(IY. of nominal pressufe sensors,

The prowcuon lcgIc calls Iof Ihe . 60”/. signal 10 slafl an AC. drwen
auxlllary oil pump Imrredlalely and a DC. dfwen emergcrwy pump

afler a me delay of 15 s, The . 400/. wgnal slalls Ihe emergency
pump wllh no delay One signal wIII go 10 PI, Ihe olher 10 P2.

Tile masler conlrollor, M, ts w ‘@nslble Ior Ihe SRquer!-clng

of lho g?neralw and Ille mleracoon wllh Ille olhor subsyslem

comrollofs but nol Ior any prolecllon kmdons This dewgn allows

Ihe IWIC In P I a ‘ti P2 to be rdalwely swnple and e~sy 10 chad

Tho ,more cornp’dx Iogrc kr M can ihen be developed knowq Ihal

1110gorlorri:or pfolocllon Is m plli~

QI11131Subsyslom$

It!e dmtlls d M Front Errol and EIIwgy Subsyslerwi nte no!

knowrl al Itm mm IIWJIUWI Ihese Sp.lr?rns have no! bem rltly

spoclfmd I kIwovr II, Ilm Front [-rid slIould km folrslwoly SImplo smcm
II orllrl:lllry mvolvns slow spwrd mcmlormg I ho Energy Sut)syslwm

WIII lm R rrlO:n CIIallIIIIgIng iqJpll(xrlIcIf\ Srwrrfal wnvolofms WIII hrrvfr

IO brr prowdod 10 qwr:lfy rlnswl CO(Icwrrml pfohlm Wrr PM IO

IIWI CAMAC WXVdOIIII{jofwr~lofc dftvw) hom all IF F [, 4tTlImlorlmxr

on ltm (;0 lhcrcn~w Ior Um lIItf INmrI I’I adrillmn, SOIINI CIIIICJII

‘,w 11(:1IIf IQ rll(lhl lx! (x frl(d M nlld (xudlflrwd. Ill n Mnrr wlldow 01

NIOIII !N3 1111, II III IW(lInlIIly I)rior 10 11111~Mwnn (Iwhnrwn

UJIISdU Lyslwrl

I JII(hII IN MIII;II (IIIOIiIIIIIU (4mdIlIoIIs Al Illlu:tullo cwllrol wdl bo

cnrfmd OUI Irom h-r (:ol!lfirl cmlrol ~ooITl TIwr colilrd opolnlol’x

( (1115.(11(1WIII I)(r d(t!;luIIII(~ fur ti; j(}lillI(Ill by 011(! porv,oll Wn Illlllclllsilll

Ilhrl llm I,rIII!.1111~WIII IIWI m~lllllh IIIM .HIIJ(OI (:( MI II IIIIIIJII?) IXMIIPUIII IS,

[)110 1](1( q) fllalol (11,1)1,ny 1114! Wtlw,llo IOl)o(llr(:lllorl! llllJ)llllM/rr



mcorporahon 01 user developed code into the system and Ihe use

of poinhng devims such as a mouse or Irack ball for operalor
interaction.

Adchhonal Ioal operalor slallons will be suppormc. The
vacuum syslem and generator are bolh high mamlenanm syslems

and warram permanenl fxmsole mslallahons where operahons can

be carrmd oul in pro~lmily !? :he equipment. The other subsystems
will be served by a Iransporlable console when requtred

II is imponanl Ihal Ihe Iccal consoles operale iderwcally 10

Ihe cemral console 10 mu Ilmlze sotlware development WSIS and

operalor Irammg.

MOSI !hlrdparty console pa&.ages Ihal support PLCS have

been developed Icr [he IBM PC plallorm While vendors afe slarhng

10 mlgrale Ihelr prOduCIS 10 VAX VMS and UNIX platforms, we Ieel
Ihal Ihe best choice Ioday IS Ihe IBM 386 or compatibles. These
producls are Ialrly stable, and lhe 386 IS likely to relain IIS lead III

prlcwperlormanoa over VMS syslems Ior lhe near Iulure.

@z@wQ!!
We have choson an mdusmal PLC prcrmss conlrol syslem for

[he czrnlrol of CPFIF/ZTH. The syslem k dislribuled, highly maiular

and prowdes Ilexlbilily Ihrough the Co- Prmessor and ils IEEE4E18
mlerlace. II has a high speed nelwork lhal should be adequale for
our needs.

The advantages of selecting a commercial syslem mdude

o COSI s.avmgs on syslem development,

● bener documenlahon Ihan mosl syslems developed m.house,

● less dependena On Imrrm.din.house experllse 10 mamlam [he

syslem,

● rugged equlpmenl, designed Ior mduslrial enwronmonls

We Ieel lhal wllh Ihls syslem wo are prepared 10 respond 10

Iuluro needs Ior oxpanslon, increased pcrlormance, and addlllonal

Iunchonallty,

&#!UQY!E!@Q~Q~I

This work was supporlr)d by Ihe US Doparlmenl 01 ErIoIgy

urldor Conlracl No. W7405ENG 36.


